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COMBINATION EFFECTS OF TONE AND DURATION 
PARAMETERS ON PERCEIVED NOISINESS 

By Karl  S. Pearsons 
Bolt  Beranek  and Newman Inc .  

SUMMARY 

Three   se r ies   o f   judgment   t es t s  were conducted t o  
i n v e s t i g a t e   t h e  effects on perce ived   no is iness  of  tone  
con ten t  and dura t ion   parameters .  Time p a t t e r n s  for t h e  
s t i m u l i  employed i n  t h e  tes t s  were t r i a n g u l a r   i n   s h a p e   t o  
s i m u l a t e   a i r c r a f t   f l y o v e r  time h i s t o r i e s .   S t i m u l i   f o r   t h e  
f i r s t  t es t  ( I - A )  included  durat ions  of  4, 12, and 32 seconds 
measured 10 dB below t h e  maximum l e v e l   o f  t he  s t i m u l u s .  
Tone - to -no i se   r a t io s   i n  l/3 oc tave   bands   fo r   t he  s t i m u l i  
a t  20'30 and 4000 Hz w e r e   v a r i e d   t o   i n c l u d e  10 and 25 d B  and 
"no   t one" .   In   t he   s econd   t e s t  ( I - B ) ,  s t i m u l i  included 
r eco rd ings   o f   t e s t   s t and   t u rbo fan   eng ine   no i se   u s ing   t he  
same time h i s to ry   shape  and durations  mentioned  above. The 
t h i r d  t e s t   ( 1 1 )   u t i l i z e d   p u r e - t o n e  and  broadband  noise  spectra 
l i k e  those  USE-! i n   T e s t  I-A, however, t h e  dura t ion   of  the 
tone   d i f f e red   f rom  the   du ra t ion   o f   t he   no i se ,  and the  maximum 
l e v e l  of t h e   t o n e  d i d  not  always  occur a t  t h e  same p o i n t   i n  
t i m e   a s   t h e  maximum l e v e l  of  t h e   n o i s e .   S e v e r a l   d i f f e r e n t  
methods  of  measurement  were  used t o   e v a l u a t e   t h e  judgment 
results i n c l u d i n g   o v e r a l l  sound p r e s s u r e   l e v e l ,  A-weighted 
sound p r e s s u r e   l e v e l ,  N-weighted  sound p r e s s u r e   l e v e l ,  
pe rce ived   no i se   l eve l ,   pe rce ived   no i se   l eve l  w i t h  Kryter  and 
Pearsons  tone and d u r a t i o n   c o r r e c t i o n s ,  and e f f e c t i v e  
pe rce ived   no i se   l eve l  as suggested by t h e  FAA. The r e s u l t s  
of  t h e s e   t h r e e   t e s t s   i n d i c a t e   t h a t   p e r c e i v e d   n o i s e   l e v e l  
with tone  and dura t ion   cor rec t ions ,   deve loped   independent ly  
in   p rev ious   s tud ie s ,   p rov ides   be t t e r   ag reemen t  with 
sub jec t ive   j udgmen t s   o f   accep tab i l i t y   t han  do the o t h e r  
measures that  were   inves t iga ted .  

INTRODUCTION 

Seve ra l  s t u d i e s  have   i nves t iga t ed   t he   e f f ec t s   o f  
dura t ion   whi le   ho ld ing   the   pure- tone   conten t   o f  t he  s t i m u l u s  
cons tan t   (Refs .  1, 2) .  Other   s tud ies   have   var ied   the   pure-  
t one   con ten t  while  hold ing  the  d u r a t i o n  of t h e  s t i m u l u s  
cons tan t   (Refs .  3,4). I n   a i r c r a f t   f l y o v e r s ,   v a r i a t i o n s  
b o t h   i n   d u r a t i o n  and in   pu re - tone   con ten t   a r e   s imu l t aneous ly  
present .   Therefore ,  it wa.s decided t o  conduc t   add i t iona l  
t es t s  u s i n g   s t i m u l i   i n  which  both  duration  and  tone  content 
were  varied.  The nex t   s ec t ion   o f  th i s  r epor t   desc r ibes  
t h e  tes ts  employed i n  t h i s  inves t iga t ion .   Fol lowing  the  t e s t  
d e s c r i p t i o n ,  t h e  r e s u l t s   a r e   p r e s e n t e d .  The f i n a l   s e c t i o n s  
p re sen t  a d i s c u s s i o n   o f   t h e s e   r e s u l t s  and t h e  major  conclusions 
derived  from t h e  s tudy.  



TEST DESCRIPTION 
Test Organizat ion 

To accomplish  the tasks set  f o r t h  i n  t h e  work  sta.tement, 
judgment tes ts  were   conduc ted   u s ing   t h ree   d i f f e ren t   s e t s  
of s t i m u l i  compared t o   t h e  same broadband  standard. The 
comparison s t i m u l i  f o r  t h e  var ious  tests were as fo l lows:  

Test I 
A .  Sing le   t ones  combined with broadband  no ise   spec t ra  

i n   v a r i o u s   t o n e - t o - n o i s e   r a t i o s   f o r  three d i f f e r e n t  
du ra t ions .  

B. A rea l   tu rbofan   engine   runup was r e c o r d e d   t o  
s i m u l a t e   a n   a c t u a l   f l y o v e r .  The ampli tude of  t h e  
j e t - eng ine   no i se  was shaped i n  time t o   p r o v i d e  
a s i m u l a t i o n   o f   t h r e e   d i f f e r e n t   f l y o v e r   d u r a t i o n s .  

Tes t  I1 
Pure-tone  and  broadband  noise  spectra, l i k e  t h o s e  
used i n   T e s t  I-A; however, t he  dura t ion   of  t h e  
t o n e   d i f f e r e d  from t h e   d u r a t i o n   o f   t h e   n o i s e ,  and t h e  
maximum l e v e l  of t h e   t o n e  d i d  not  always  occur a t   t h e  
same p o i n t   i n  time as t h e  maximum l e v e l  of t h e   n o i s e .  
Some of  the  comparison s t i m u l i  were  compared t o  a 
s t anda rd   con ta in ing  a pure-tone, as w e l l   a s  t h e  
broadband  noise   s tandard.  

For  each  of  the t es t s  above, 20 subjects   were  used.  
The s u b j e c t s  were co l l ege   s tuden t s   r ang ing   i n   age   f rom 17 
t o  24 years  w i t h  a median  age  of 19 yea r s .  All s u b j e c t s  
were   aud iomet r i ca l ly   s c reened   p r io r   t o  t he  t e s t  w i t h  a 
s c r e e n i n g   l e v e l  he ld  w i t h i n  15 dB of  t he  new IS0 Standard 
Threshold  (Ref. 5) .  

Procedure 

chamber 8 f t  x 10 f t  x 7.5 f t  h igh .  The t e s t i n g  method 
employed for t h i s  s tudy  was a paired  comparison  type known 
as t h e  method  of cons t an t  s t i m u l i .  

The judgment tes ts  were a l l  conducted in   an   anecho ic  

Tapes  were  prepared  for   present ing the  sound  samples, i n  
p a i r s ,   t o   t h e   s u b j e c t s .  Each p a i r  of  sounds  included a 
s tandard  and a. compa.rison  sound. For t h e s e   t e s t s  e i ther  t h e  
s tandard  or comparison  sound may be presented  f i r s t .  To 
decrease a n y   b i a s   a t t r i b u t a b l e   t o   a n   o r d e r   e f f e c t ,   b o t h  
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orders   of   presentat ion  were  used.  The d a t a  was t h e n  
averaged s o  that  t h e  o r d e r   e f f e c t  would t e n d   t o  be 
cance l led .  An e f f o r t  was made t o   c o n t r o l   o t h e r   s o u r c e s  
of bias t h a t  arise f rom  the   o rder  of t h e  s t i m u l i  on 
t h e  t e s t  t a p e s  by us ing  a modified  Graeco-Latin  Square 
presenta . t ion .  

The s u b j e c t s  were g i v e n   p r i n t e d   i n s t r u c t i o n s   f o r  t h e  t e s t  
which asked them t o   j u d g e  which  sound i n  each p a i r  was more 
o b j e c t i o n a b l e   o r   d i s t u r b i n g .  The a c t u a l  tes t  i n s t r u c t i o n s  
a r e   g i v e n   i n  Appendix A. The s u b j e c t s   i n d i c a t e d   t h e i r  
choice  by  punching t h e  a p p r o p r i a t e   p o s i t i o n s  on an IBM 
por t -a -punch   card .   Genera l ly ,   four   subjec ts   were   t es ted  
a t  one time w i t h  the  t e s t  s e s s i o n s  l imited to   app rox ima te ly  
90 minu tes .   In   add i t ion ,   s eve ra l  rest pe r iods  were  given 
t o  t h e   s u b j e c t s   t o   p r e v e n t  p s s i b l e  f a t i g u e .  

Equipment 
The equipment  used t o  p re sen t  the  s t i m u l i  t o   t h e  

s u b j e c t s  i s  shown in  block  diagram  form  (Fig.  1). The 
e l ec t ron ic   swi t ch  and the   cue   t one   s enso r  and r e l a y  were 
employed so  t h a t  no a u d i b l e  hiss or anno ta t ion  was heard 
between t h e  sound  samples by t h e  t e s t  subjects.   These  were 
t r i g g e r e d  by cue  tones  placed on the  second  channel   of   the  
t e s t   t a p e  a t  a p p r o p r i a t e   p l a c e s  so  t ha t  t h e   e l e c t r o n i c   s w i t c h  
was turned  on only   dur ing  the  tes t  s t i m u l i .  The vol tmeter  
was used t o   s e t  t he  l e v e l s   o f   t h e   t e s t  s t i m u l i  d u r i n g   t h e  
t e s t   s e s s i o n s .   D e t a i l e d   a c o u s t i c a l   a n a l y s i s  of t h e  sound 
samples was la te r   per formed  in   the   anechoic  chamber w i t h  no 
s u b j e c t s   p r e s e n t .  Further  d e t a i l s  of t h e  s t i m u l u s  gene ra t ing  
equipment  necessary for c rea t ing   t he   pa i r ed   compar i son   t e s t  
t a p e s   a r e   g i v e n   i n  Appendix B. 

Test S t i m u l i  
The t e s t  s t i m u l i  used i n  t h i s  s tudy  were  var ied  both 

i n   t h e i r   t i m e   p a t t e r n s  and  tone  content .   Figure 2 shows 
a genera l ized  time p a t t e r n  of  t h e  type  employed f o r   t h e s e  
tests. The parameters  under  consideration  were 1) n o i s e  
du ra t ion ,  2 )  tone  durat ion,  3 )  t he   t one - to -no i se   r a t io ,  and 
4) t he  time t h e  maximum leve l   o f   t he   t one   p receded  t h e  
maximum l e v e l  of  the   no ise   d iv ided   by  t h e  dura t ion   of  t he  
noise   (&/noise   dura . t ion) .  The values   of   the   parameters  for 
t h e  s t i m u l i  used i n  t h i s  s t u d y   a r e   g i v e n   i n   T a b l e s  I - 111. 
Examples o f   t h e   s p e c t r a   u s e d   a r e   g i v e n   i n   F i g .  3. T h i s  
f i g u r e  shows t h e  maximum l/3 octave  band noise   l eve ls   which  
were determined  from graphic l e v e l   r e c o r d i n g s   f o r   b o t h  a 
shaped  band  of  noise  and a s t eady- s t a t e   eng ine   no i se .  
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The shaped  band of no i se  i s  similar i n  spectrum t o  a j e t  
a i r c r a f t   f l y o v e r   n o i s e   a t  2000 f e e t  a l t i t u d e .  The engine 
runup  noise  i s  t h a t   o f  a h igh   t h rus t   t u rbo fan   eng ine  
measured i n  a t e s t  s t and   conf igu ra t ion .  For the  o t h e r  
comparison  stimuli,  tones  were  added t o  the  broadband 
s imulated j e t  n o i s e .   F u r t h e r   d e t a i l s   o f  all t h e   s p e c t r a  
employed i n  t h e  t es t s  a r e   t a b u l a t e d   i n  Appendix C.  (As 
noted i n  t he   append ix ,   t he   l eve l s  l i s t e d  a r e   t h e  maximum 
l e v e l s  a t  which  the  spectra   were  presented to t!le t e s t  
s u b j e c t s .  The l e v e l s  a re  the  average  of  those  monitored 
a t   t h e   v a r i o u s   s e a t   p o s i t i o n s . )  

Paired  Comparison  Judgment  Test  Analysis 

For t h e s e   t e s t s ,   s u b j e c t s  were asked t o  choose  which 
of  t h e  two  sound s t i m u l i  was t h e  more o b j e c t i o n a b l e  o r  
d i s t u r b i n g .  The subjec ts '   responses ,   recorded  on IBM cards ,  
were   en te red   in to  a d i g i t a l   c o m p u t e r  f o r  s o r t i n g  and a n a l y s i s .  
It was c o n s i d e r e d   t h a t   t h e  two  sounds  were  equally  acceptable 
when 50$ of t h e  s u b j e c t s   s t a t e d   t h a t  one  sound was less  
accep tab le   t han  t h e  o t h e r .  T h i s  50% p o i n t  was determined 
by p lo t t i ng   t he   pe rcen tage   o f   peop le  who f e l t   t h e  comparison 
sound was l e s s   a c c e p t a b l e   t h a n  t h e  s t a n d a r d   v e r s u s   t h e  
v a r i o u s   l e v e l s  employed dur ing  t h e  t e s t .  These   r e su l t s  
were   p lo t t ed   on   p robab i l i t y   pape r  and a s t ra ight  l i n e  
r e g r e s s i o n   l i n e  was f i t t e d  t o  t h e  d a t a   t o   d e t e r m i n e   t h e  
50% p o i n t .  T h i s  method has   been  employed  successful ly   in  
p rev ious   i nves t iga t ions   (Re f s .  4-,6). One advantage  of t h i s  
method i s  t h a t  a l l   d a t a  i s  used t o  de t e rmine   t he  50% p o i n t  
r a t h e r   t h a n   o n l y  t h e  d a t a   n e a r   t h e  50% l e v e l s .  Also, t h e  
computer  can  be programmed to d e r i v e   t h e  50% p D i n t   d i r e c t l y .  
The 5O$ poin ts   were   de te rmined   for  t h e  two o rde r s  of  
p r e s e n t a t i o n   a s   d e s c r i b e d   e a r l i e r .  The r e s u l t s   o f  t he  two 
orders   were  then  averaged t o  o b t a i n   t h e   f i n a l   l e v e l  o f  
j u d g e d   e q u a l i t y .   T h e s e   e q u a l i t y   l e v e l s   f o r   a l l  of  t h e   d a t a  
o b t a i n e d   f r o m   t h e   t e s t s   a r e   g i v e n  i n  Appendix D i n   t e r m s  
of dB r e l a t i v e  to t h e  ma.::imum l e v e l  o f  the  comparison 
p r e s e n t e d   t o  t h e  s u b j e c t s .  

Measures Employed During  Analyses 

Scvera l   d i f fe ren t   measures   were  employed i n  ana lyz ing  
the   j udgmen t   r e su l t s   o f   t hese   t e s t s .  Some o f  t h e  methods 
of   measurement   such  as   overal l   sound  pressure  level  (OASPL) 
and  A-weighted  sound  pressure  level  (A-level)  need no 
exp lana t ion  as t o   t h e i r   a . p p l i c a t i o n .  N-weighted  sound p r e s s u x  
l e v e l  (fiT-level) uses a f r equency   we igh t ing   equ iva len t   t o   t he  
inverse   o f  a 40 Noy (equal   no is iness )   contour   which  i s  used 
i n  t h e  c a l c u l a t i o n   o f   p e x e i v e d   n o i s e   l e v e l  (Ref .  1,7). 
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More complicated  measures  such as p e r c e i v e d   n o i s e   l e v e l   w i t h  
and without   pure- tone and du ra t ion   co r rec t ions   a r e   desc r ibed  
here   to   avoid   any   confus ion   which   might   a r i se .  

The p e r c e i v e d   n o i s e   l e v e l  (PNL) used i n   t h e   a n a l y s i s  
of the t e s t   r e s u l t s  was ca l cu la t ed   f rom  the  maximum l e v e l s  
i n  each   th i rd-oc tave  band i r r e s p e c t i v e   o f   t h e   t i m e  a t  which 
they  occurred.  The maxima were  determined  from a graphic  
l e v e l   r e c o r d i n g   o f   t h e  sound p r e s s u r e   l e v e l   i n  each l/3 
octave  band.   Perceived  noise   level  was t h e n   c a l c u l a t e d  
using  s tandard  techniques  (Refs .  1, 7) .  

Other  a n a l y s i s  was a p p l i e d   t o  t h e  t e s t  data using 
pe rce ived   no i se   l eve l   mod i f i ed  by previously  developed 
Kryter  and  Pearsons  tone  and  durat ion  correct ions (PNLKP) 
(Refs. 2 , 3 ) .  The table used t o  de t e rmine   t he   t one   co r rec t ions  
were  determined  by  making  measurements wi th  an N-network 
and n o t i n g   t h e   d u r a t i o n  a t  t h e  10-dB-down p o i n t s .  T h i s  
du ra t ion  was t h e n   r e l a t e d   t o  a s tandard  15 second  duration 
to determine a co r rec t ion   acco rd ing   t o   t he   fo rmula :  

d u r a t i o n   c o r r e c t i o n  = 10 l o g  ( -1 
d u r a t i o n  

The e f f e c t i v e   p e r c e i v e d   n o i s e   l e v e l  (EPNL) s u  ges ted  
by t h e  FAA i n   t h e i r   c e r t i f i c a t i o n   p r o c e d u r e   ( R e f .  8 )  uses 
a d i f f e r e n t  method of app ly ing   t he   t one   co r rec t ion .  The 
t o n e   c o r r e c t i o n   v a r i e s   a s  a func t ion   o f   t he   t one - to -no i se  
r a t io  as does   the   Kryter -Pearsons   tone   cor rec t ion ,  however, 
it i s  a p p l i e d   a f t e r   c a l c u l a t i o n  of pe rce ived   no i se   l eve l  
r a t h e r   t h a n   b e f o r e  as i n   t h e   K r y t e r - P e a r s o n s  method. Bas i ca l ly ,  
t h e  EPNL method c a l c u l a t e s  a pe rce ived   no i se   l eve l  and a 
t o n e   c o r r e c t i o n   f o r   e v e r y  half second of t h e  s t imu lus ,  from 
which t h e  maximum value of  t he   t one -co r rec t ed  PNL i s  s e l e c t e d .  
Duration i s  def ined  as t h e  amount of t ime tha t  these series 
of ca lcu la t ions   exceed  a value t ha t  i s  w i t h i n  10 d B  of t h e  
maximum l e v e l .  The same d u r a t i o n   c o r r e c t i o n  fo rmula  t ha t  
i s  used i n  PNLKP i s  used i n   o b t a i n i n g   t h e   f i n a l  EPM; value.  
F u r t h e r   d e t a i l s   o f   t h e   t o n e  and du ra t ion   co r rec t ion   p rocedure  
employed i n   d e t e r m i n i n g   t h e  EPNL a . r e   g iven   i n  Appendix E. 

D E S C R I P T I O N  OF TEST RESULTS 

Tes t  I - A  

8 for t h e   v a r i o u s  methods of  measurement. I n   t h e s e  and 
succeed ing   f i gu res  t h e  l e v e l   o f  t he  compar ison   re la t ive  
t o  t h e  l e v e l   o f  t h e  s tandard  a t  t h e  judged  equal i ty   of  
a c c e p t a b i l i t y  i s  d e p i c t e d   f o r  a stated ca l cu la t ion   p rocedure .  

The r e s u l t s   o f   T e s t  I - A  a r e  shown i n   F i g s .  4 through 
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I n   t h i s  type of p re sen ta t ion ,  i f  t he  comparison  calculated 
for t h e  n o i s e   s p e c t r a  a t  t h e   l e v e l  of e q u a l i t y  i s  l e s s   t h a n  
the  sta.nda.rd, it w i l l  be p l o t t e d  as a nega t ive   va lue .  If 
the  calculated  comparison  value for judged   equal i ty  of 
a c c e p t a b i l i t y  i s  t h e  same a s  t he  s tandard  value,  it w i l l  
be p l o t t e d  as ze ro  on the graphs.  Thus, it fo l lows  tha t  
the  best measure is  one f o r  which t h e  l e v e l   o f   t h e   s t a n d a r d  
and corn a r i s o n   v a l u e s  are equal  (comparison re  s tandard  
i s  ze ro  P . 

Figure  4 shows t h e  r e su l t s   o f   u s ing   pe rce ived   no i se  
l e v e l   c a l c u l a t i o n s .   I n   g e n e r a l ,  t h e  r e s u l t s   u s i n g  this  
measure  do  not  agree  very  closely w i t h  t he  judgment data, 
t h a t  i s ,  most  of t h e   p o i n t s  do n o t   l i e   n e a r  t h e  z e r o   l i n e .  
L e t  us  f i r s t  look at  t h e  r e su l t  ob ta ined   fo r   t he   fou r   s econd  
durat ion  samples .  For "no  tone" t he  pe rce ived   no i se   l eve l  
t ends   t o   ove rco r rec t   t he   j udgmen t  results,  however, f o r   t h e  
10 and 25 dB t o n e - t o - n o i s e   r a t i o s   t h e  results a r e   f a i r l y  
c l o s e   t o   t h e  judgment r e s u l t s   e x c e p t   f o r  a s l igh t   ove r -  
c o r r e c t i o n .  For t he  o the r   du ra t ions ,  and  tone-to-noise 
r a t i o s ,  t he  agreement  with  judgment  results i s  cons iderably  
poorer .  T h i s  i s  p a r t i c u l a r l y   n o t i c e a b l e   f o r  t h e  long 
d u r a t i o n   s t i m u l u s  w i t h  a h igh   t one - to -no i se   r a t io .  Errors 
of as much as 13 dB can   be   observed   in   such   cases .   S imi la r  
t y p e s   o f   e r r o r s   a r e   n o t e d  on the  g r a p h   f o r   t h e  4000 Hz s t i m u l i .  

Sound s a m p l e s   s i m i l a r   t o  t he  four-second, 10 dB tone-  
t o - n o i s e   r a t i o   w e r e   a l s o   u s e d   i n  Test I - B  a.nd Tes t  11. A s  
shown i n   F i g .  4, f o r  Test I - A ,  t h i s  s t imulus  was r a t e d   a s  
1.2 PNdB h i g h e r   t h a n   t h e   s t a n d a r d .  The measured  difference 
i n   T e s t  I - B  was 2.8 PNdB and t h e  measured r e s u l t   i n   T e s t  I1 
wa.s -0.3 PNdB. T h i s  would i n d i c a t e   t h a t   t h e   s u b j e c t s   a p p e a r  
t o  be c o n s i s t e n t   ( w i t h i n  * 1.6 PNdB) i n  t h e i r  judgment  over 
t h r e e   d i f f e r e n t  t e s t  s e r i e s .  

S i n c e   t h e r e   a r e   b o t h   t o n e  and d u r a t i o n   c o r r e c t i o n s ,  it 
may be  of some i n t e r e s t   t o   n o t e  t h e  e f f ec t   o f   a .pp ly ing   t he  
c o r r e c t i o n s   s e p a r a t e l y   t o   t h e   p e r c e i v e d   n o i s e   l e v e l   r e s u l t s .  
F igure  5 shows t h e   r e s u l t s  of  Test  I - A  f o r  perce ived   no ise  
l e v e l  w i th  on ly   du ra t ion   co r rec t ions   app l i ed .  The resul ts  
a re   b rough t   i n to   c lose r   ag reemen t  wi th  t h e  judgment data 
us ing  t h e  d u r a t i o n   c o r r e c t i o n   e s p e c i a . l l y   f o r   t h e  ' 'no  tone" 
case .  However, fo r   t hose   s amples  w i t h  high  tone-to-noise  
r a t i o ,  t h i s  ca l cu la t ion   p rocedure  s t i l l  underest imates  t h e  
judgment data  by  about 5 t o  9 dB. 

In   F ig .  6 we see t h e   r e s u l t  of   using  perceived  noise  
l e v e l  w i t h  o n l y   t h e   t o n e   c o r r e c t i o n   a p p l i e d  t o   T e s t  I - A  
d a t a .  With t h i s  method of  measurement, t h e  r e s u l t s   a p p e a r  
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to overco r rec t   e spec ia l ly   fo r   t he   fou r - second   du ra t ion  
da ta .  It i s  i n t e r e s t i n g  t o  note,  however, t h a t  -Lhe longer  
d u r a t i o n   d a t a  (12 and  32-seconds) i s  i n   f a i r l y   c l o s e   a g r e e -  
ment w i t h  t h e  judgment  data when p e r c e i v e d   n o i s e   l e v e l  w i t h  
t o n e   c o r r e c t i o n   o n l y  i s  employed a s  a measure. 
s 

Figure  7 i l l u s t r a t e s  the p e r c e i v e d   n o i s e   l e v e l   r e s u l t s  
with both   tone  and dura t ion   cor rec t ions   added .  The r e s u l t s  
a re  i n  much closer   agreement  w i t h  t h e  judgment  data  than 
e i t h e r  the   pe rce ived   no i se   l eve l   a lone ,  o r  tlze perceived 
n o i s e   l e v e l  with tone  o r  du ra t ion   co r rec t ions   added   s epa ra t e ly .  
There i s  some tendency t o   o v e r c o r r e c t ,  however, as i nd ica t ed  
b y   t h e   p o s i t i v e   v a l u e s  on the   g raph .  

F igu re  8 shows t h e   r e s u l t  o f   us ing   e f fec t ive   perce ived  
n o i s e   l e v e l  a s  a measure. T h i s  measure, you r e c a l l ,   i n c l u d e s  
b o t h  tctie a n d  d u r a t i o n   c o r r e c t i o n s .  The r e s u l t s ,   a r e   a l s o  
c loser  i n   v a l u e  t o  t h e  judgment  data  than the perce ived   no ise  
l eve l   w i thou t   any   t one  and d u r a t i o n   c o r r e c t i o n s .  The r e s u l t s  
us ing  EPPJI,, al though  comparable t o  those  using 1'&Kp, 
a c t u a l l y   c l u s t e r  more c lose ly   a round t h e  l i n e  o f  judged 
e q u a l i t y   t h a n  do those   o f  PFLKP. 

I n   o r d e r  t o  g r a p h i c a l l y  compare t h e  meth0d.s c~f measure- 
ment, we have  determiiled  the mean d i f f e rence   va lues  
(cornparison r e   s t a n d a r d )   f o r   a l l  t h e  s t i m u l i   u s e d   i n  Test I - A .  
These  values   a long wiLh t h e  computed s t a n d a r d   d e v i a t i o n   f o r  
the   var ious   measures  (OASPL, A-Level,  N-Level, PNL, EPm,  
PI\TLI(~) a r e  i l l u s t r a t e s   i n  Fig.  9.  

As shown i n   t h e  mean d i f f e r e n c e   p o r t i o n   o f   t h e   f i g u r e ,  
the  cornparison comes c l o s e r   t o  t h 2  s tandard  a s  t he  measures 
a re   var ied   f rom OASPL t o  PVLKP. The magnitude of t h e  
d i f f e r e n c e  i s  6 dB f o r   A - l e v e l  and 9 dl3 f o r  OASPL. The 
d i f f e r e n c e  i s  about 1 PllTdB f o r  p e r c e i v e d   n o i s e   l e v e l  w i t h  
tlze ';one and d u r a t i o n   c o r r e c t i o n s  (PNLKP AI\TD EPlUL). Actual ly ,  
t h e  PNLlcp t ends  t o  o v e r c o r r e c t   t h e  judgment r e s u l t s   r a t h e r  
than  undercorrect   them a s  do the   o ther   measures .  The N-level 
method  of  measurement shows less d i f f e r e n c e   t h a n   A - l e v e l  and 
i s  comparable t o  PNL f o r  th is  t e s t .  

The s t a n d a r d   d e v i a t i m   r e s u l t s  shown i n  t h e  lower   por t ion  
of' t h e   f i g u r e   i n d i c a t e  a s i m i l a r   t r e n d .  That i s ,  there  is  
l e s s   s p r e a d   i n  t h e  d a t a  Tor pe rce ived   no i se   l eve l  w i t h  t h e  
t o n e  and d u r a t i o n   c o r r e c t i o n s  (Pl\ri;~p and EPNL) t h a n   f o r  t h e  
o t h e r  measures.  Values of' the   s tandard   devia t ion   range   f rom 
6 t o  7 d B  f o r   t h e   A - l e v e l  and o v e r a l l  SPL  down t o  1-1/2 dB 
f o r  PPIT,:(p, and EPNL. N--level shows l e s s   v a r i a t i o n   t h a n  
A-level  and PNL, a l though t h e  v a r i a t i o n   d i f f e r e n c e  i s  not 
l a rge .   Bo th   t he  mean d i f f e r e n c e  and  standard  daviat . ion  of 
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these   measures   ind ica te  a s i z e a b l e  improvement when us ing  
t h e  tone  and d u r a t i o n   c o r r e c t i o n s   i n  comparisoi? t o   t h e  
measures   without   the  tone and d u r a t i o n   c o r r e c t i o n s .  

Tes t  I-B 

The r e s u l t s  of t h e  judgments on t h e   h i g h   t h r u s t  
t u rbo fan   eng ine   no i se   a r e  shown i n   F i g .  10. Dui-ations of 
the   samples   inc lude  L!- ,  12 ,  and 32 seconds  measured a t  10-dS- 
down p o i n t s .  As ind ica t ed  i n  t h e   f i g u r e ,   t h e   p e r c e i v e d   n o i s e  
l e v e l  w i th  no corrections,   underestimates  - the  judged  accepta- 
b i l i t y  o f  t h e   e n g i n e   n o i s e   s t i m u l i .  The a d d i t i o n  o f  t o n e  
and d u r a t i o n   c o r r e c t i o n s ,   e i t h e r   b y  t h e  Kryter-Pcarsons method 
o r  e f f e c t i v e   p e r c e i v e d   n o i s e   l e v e l  (FAA), p r o v i d e s   c l o s e r  
agreement  but  these  i-esults s t i l l  underest imate  the judged 
u n a c c e p t a b i l i t y  o f  the   engine   no ise .   Poss ib ly  'illis may be 
an   i n f luence   o f   t he   t one   modu la t ion   i n  t h e  engine  noice.  
It a p p e a r s   t h a t   f u r t h e r   i n v e s t i g a t i o n s   a r e   r e q u i r e d  t o  
cornple te ly   expla in   the   reason  f o r  t h i s  underest imat ion.  
Also s h m n   i n   t h e   f i g u r e   a r e   t h e   r e s u l t s   o f   u s i n g  a f i l t e r e d ,  
broadband  noise w i t h  t one ,   t he  same s t imulus   used   in   Tes t  I - A .  
The Teeul-ks using t h i s  s-Lirmlus a r e   i n   c l o s e   a g r c e m e n t   w i t h  
t h e   r e s u l t s  of t h e   e a r l i e r   t e s t .  

I n   o r d e r   t o   g r a p h i c a l l y  compare t h e  diffe:-en-i: methods of 
measurement, we de te rmined   t he i r  mean d i f f e r e n c e s  and s tandard  
dev ia t ions .  The resu l t s  o f   t hose   de t e rmina t ions   a r e  shown i n  
Fig.  11-. Note t h a t   a g a i n   t h e r e  i s  c o n s i d e r a b l e   d i f f e r e n c e  
between t h e   o v e r a l l  SPL and t h e  p e r c e i v e d   n o i s e   l e v e l  w i t h  
the  Kryter-Peareons t o n e  and d u r a t i o n   c o r r e c t i o n s .  Also  
note  the rank   order ing  of  various  measures bot.11 on the  
b a s i s  of mean d i f f e r e n c e s  and s t a n d a r d   d e v i a t i o n   d i f f e r e n c e  
a re   i n   gene ra l   ag reemen t  with t h o s e  f o r  thE pl-evious t e s t  
(I-A). The abso lu te   va lues   o f   t he   s t anda rd   dev ia t ions   a r e  
somewha-i; higher ,   probably  because  of   the  smaller  number of 
samples used  i n  t h i s  t e s t .  

Tes t  I1 

A p l o t   o f   t h e   r e s u l t s   o f   T e s t  I1 a r e   s h m n  i n  F ig .  12. 
T h i s  g r a p h   i l l u s t r a t e s  t h e  r e s u l t s   a s  a f u n c t i o n  of t h e  
percentage   o f   the   no ise   dura t ion  t h a t  t h e  tone  peak  precedes 
the   no ise   peak .   Negat ive   va lues   on   the   abs issa   ind ica te  
t h a t  t h e  tone  peal.; o c c u r r e d   a f t e r  t h e  noise   peak.  The r e s u l t s  
a r e   s h w n  f o r  pe rce ived   no i se   l eve l ,   pe rce ive5   no i se   l eve l  
w i t h  - the   Kryter -Pearsons   tone   cor rec t ions   and   e f fec t ive  
pe rce ived   no i se   l eve l .  It i s  apparent   tha t   those   measures  
which inco rpora t e   t one  and d u r a t i o n   c o r r e c t i o n s   e x h i b i t  a 
sma l l e r   sp read   t han  t h e  measure  of   perceived  noise   level  
without  t h e  c o r r e c t i o n s .  1.6 i s  i n t e r e s t i n g  - t ~  n o t e  t h a t  
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i f  t .he   tone   p recedes   the   no ise   by  50% o r  i f  t h e  t m e  follows 
t he   no i se   by  25% t h e  unaccep tab i l i t y ’  of t h e   s t i m u l u s  
inc reases  somewhat ( a s   i nd ica t ed  by t h e   l a r g e r   n e g a t i v e  
v a l u e s   i n  t h e  f i g u r e s ) .  However, t h e  amount of   increase  
i s  v e r y   s l i g h t  and  appears t o  be we l l   w i th in   t he   no rma l  
v a r i a t i o n   a s s o c i a t e d  wi th  judgment t e s t s  of t h i s  type .  
It i s  a l s o  of some i n t e r e s t  t o  observe   tha t   the   samples  o f  
t h e  g rea t e s t   j udged   unaccep tab i l i t y   . ( aga in ,   t he   l a rges t  
n e g a t i v e   v a l u e s   i n   t h e   f i g u r e s )   t e n d   t o   b e   t h o s e  o f  t h e  
l a rges t   t one - to -no i se  r a t i o  even f o r  t h e  cases  where  tone 
cor rec t ions   have   been   appl ied .  

A s  no ted   i n   F ig .  12, one of t h e  s t imu l i   g roups  ( A )  was 
compzred t o  a standard! r!hich contained a pure-tone. A more 
d e t a i l e d  look a t  t h i s  compar ison   ind ica tes   tha t  t h e  pure- 
t one   co r rec t ions  do n g t  make an   apprec iab le   change   in   the  
r e s u l t s  of  t h e  t h r e e   d i f f e r e n t  methods of measurement. 
T h i s  might  be  expected  since  both t h e  s tandard  a.i?d compari- 
s o n  samples  have  tone  components. As b o t h   a r e   c o r r e c t e d  
f D r  t h e  Lone, t h e   e f f e c t  i s  cance l led   ou t  when d i f f e r e n c e s  
between  standard  and  cornparison  are  taken  in  a-nalysis.  
There i s  s t i l l  a tendency,  however, f o r   t h e  EPl% measure 
t o   u n d e r c o r r e c t  and t h e  PnrL~p measure t o   o v e r c o r r e c t .  

The r e s u l t s  of Tes t  I1 w e r e   a l s o   p l o t t e d  as  a func t ion  
o f   du ra t ion  for both  EPNL and PNLK~ (Fig .  13) .  The r e s u l t s  
p l o t t e d   i n  t h i s  manner i n d i c a t e  no d u r a t i o n   e f f e c t ,   t h u s  
i m p l y i n g   t h a t   t h e  measu.res  have  accounted f o r  any  d u r a t i o n  
e f f e c t s   u s i n g  the  3 d S  p e r  doubl ing   as  a co r rec t ion   p rocedure .  
The r e s u l t s   o f  t h e  EPhT, measure,  however,  do  indicate  an 
underestimation  which i s  probably  due to t h e   t m e   c o r r e c t i o n  
r a t h e r  -than t h e   d u r a t i o n   c o r r e c t i o n .  

The various  methods of measurement f o r  t h e  Test. I1 
r e su l t s   were  compared t,o each o t h e r  i n   t e r m s  of’ inean 
d i f f e r e n c e  and   s tandard   devia t ion   (F ig .  lh). As noted 
i n   t h e   p r e v i o u s  t e s t s ,  t he   va r ious   measu res   r znk   o rde r   i n  
approx ima te ly   t he  same manner. One except ion  i s  t h a t   t h e  
EPNL appears  t o  have a s l i g h t l y   l a r g e r  mean d i f f e r e n c e  
t h a n   t h e  PNL, f o r  t h i s  group of judgment r e s u l t s .  However, 
t h e   s p r e a d   o f   t h e   r e s u l t s  f o r  t h e  EPNL i s  l e s s   t h a n   t h e  
PNL, which is c o n s i s t e n t  w i t h  t h e  r e s u l t s  of t he   p rev ious  
two t e s - t a .  The o ther   except ion  i s  t h a t  N- leve l   exhib i t s  
a h ighe r  mean d i f f e r e n c e  and s t anda rd   dev ia t ion   t han  PKL. 
I n  t h i s  t e s t ,  t h e  g r a p h   i l l u s t r a t e s   t h a t   t h e   s t a n d a r d  
devia t ion   va lues   do  no’‘ cover  a s  g r e a t  a range   as  i n  t h e  
previous  two tests,  however, t h e  spread  of EPkTr, and t h e  
p e r c e i v e d   n o i s e   l e v e l  w i t h  Kryter-Pearsons  tone  and 
d u r a t i o n   c o r r e c t i o n s ,  has been  reduced by a f a c t o r   o f  two 
over  tha t  of t h e  o v e r a l l  SPL. 
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C ONCLUS I O N S  

of 

1. 

2. 

3. 

4. 

5. 

6. 

The fol lowing  conclusions may be drawn a s  a r e s u l t  
t h e  tests d e s c r i b e d   i n  t h i s  r e p o r t :  

The tone  and dura t ion   cor rec t ions   deve loped   prev ious ly  
a.ppear t o   b e   a d d i t i v e  when appl ied   to   sounds   vary ing  
both   in   pure- tone   conten t  and d u r a t i o n .   I n   o t h e r  
words, t h e r e   a p p e a r s   t o  be no obv ious   i n t e rac t ion  
between  the  pure  tone  and  durat ion  correct ions.  

The co r rec t ions   deve loped   p rev ious ly   t o   accoun t   fo r  
pure-tone  and  dura.t ion  by  Kryter  and  Pearsons  appear 
t o  be a d e q u a t e   i n   p r e d i c t i n g   t h e   n o i s i n e s s   o f   l a b o r a t o r y  
generated  sounds  varying  both  in   tone  content  and 
d u r a t i o n  

The e f f e c t i v e   p e r c e i v e d   n o i s e   l e v e l   s u g g e s t e d  by FAA 
appea r s   t o   p rov ide   an   adequa te   du ra t ion   co r rec t ion  b u t  
t e n d s   t o   u n d e r e s t i m a t e   t h e   p u r e - t o n e   e f f e c t   b y  on t h e  
average  of  from 1 t o  5 dB. 

N e i t h e r   t h e   d u r a t i o n   o f   t h e   t o n e   n o r  i t s  l o c a t i o n  
w i t h i n  t h e  f l y o v e r   n o i s e   a p p e a r   t o   a f f e c t   t h e   m a g n i t u d e  
of the   pu re - tone   co r rec t ion   r equ i r ed  t o  p r e d i c t   t h e  
judged   no is iness .  

Desp i t e   t he   success   o f   bo th  the  pure- tone  and  durat ion 
c o r r e c t i o n   t h e   s i n g l e   r e a l  l i f e  engine used i n  t h e  
t e s t   a p p e a r e d   t o  be j u d g e d   c o n s i s t e n t l y   n o i s i e r   t h a n  
t h e   c o r r e c t e d  PNL would p r e d i c t .  A n o t i c e a b l e  low 
frequency random modulation may b e   r e s p o n s i b l e   f o r  t h i s  
d i screpancy .   In  a previous   s tudy  on modulated  tones 
r e p o r t e d   i n  NASA CR-117,  it was noted t h a t ,  i n   g e n e r a l ,  
modulated  tones  were  not   great ly   different   in   judged 
n o i s i n e s s  from unmodulated  tones. However, it was 
concluded tha t  low frequency  amplitude  modulated  tones 
were n o i s i e r   t h a n   t o n e   c o r r e c t e d  PNL p red ic t ed .  Also 
t h e r e  may be some a d d i t i o n a l   i n f l u e n c e   d u e   t o   t h e  random 
cha rac t e r   o f   t he   modu la t ion   i n  t h e  r e a l   l i f e   c a s e   v e r s u s  
t h e   p e r i o d i c   c h a r a c t e r   o f   t h e   t e s t  s t i m u l i  d e s c r i b e d   i n  
t h e  e a r l i e r   r e p o r t .  

The N-level  measure,   al though  not  in as close  agreement 
wi th  t h e  judgment r e s u l t s  as t h e  tone   and   dura t ion  
co r rec t ed   measu res ,   neve r the l e s s   p rov ides   be t t e r  
a.greement than   A- leve l  and i s  qu i t e   comparab le   t o  
c a l c u l a t e d   p e r c e i v e d   n o i s e   l e v e l   f o r  these t e s t   s t i m u l i .  
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TABLE I 

STIMULI FOX TEST I-A 
Simuleted  Flyovers  (Shaped Broadband  Noise Plus Tone) 

Noise o r  
‘Tone  Tone 

Noise Duration  Frequency T/N3 

Std   Je t ’  12 s e c  - No Tone 
- 

Je t  
J e t  
J e t  
Jet 
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e-t 

4 
4 
4 

12 
12 
12 
32 
32 
32 
4 

32 

2000 Hz 
2000 

2000 
2000 

2000 
2000 
4000 
4000 

- 

- 

- 

No T m e  
10 8 3  
25 dB 

No Tone 
10 dS3 
25 d B  

No Tone 
10 dB 
25 d B  
25 dl3 
35 d B  

TABLE I1 

STIMULI FOR TEST 1-3 

- Real  Engine  Simulated  Flyovers  (Recorded  Jet   Fngine  Noise) 

Noise o r  
Tone Tone 

Noise  Duration Frequency T / N ~  

Std  Jet’   12 sec - No Tone 

Engine 4 4  
Engine 12 
Engine 32 
J e t  4. 2000 Hz 10 d B  

- -. 

Broadband n o i s e   w i t h   s p e c t r u m   s i m i l a r   t o   t u r b o j e t  
f l y o v e r  a t  2000  fee-t. 

Duration i s  t h e  amount of  t i m e   t h e   s i g n a l  i s  t r i th in  
10 dB of maximum l e v e l .  

T/N i s  t o n e - t o - n o i s e   r a t i o   i n  a 1/3 octave  band using 
maximum l e v e l  i n  each  band. 

High th rus t   t u rbo fan   eng ine .  
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TABLE I11 

STIMULI FOR TEST I1 

Simulated  Flyovers  (Delayed Tone Peaks) 

Jet  - 2000 Bz 
Noie e Tone 1 ~~ 

A t  
Durat ion Purat.  i o n  T/N3 A t 4  Noise  Duration 

S t d  12  sec  No Tone I -. 
4 sec  
4 

5 d B  0 sec  
5 -1 

4 5 
4 

+l 
5 "2 

L!. 15 0 
4 15 -1 
4 15 
4 

+1 

4 
15 +2 
5 0 

12 4 5 
4 

-3 
12  5 

4 
+3 

12 5 +6 
32 4 5 +8 
32 12 5 +8 

S t d  12 12  5 0 

12 4- 5 0 
12 4- 5 

4 
-3 

12 5 
4 

+3 
12 5 +6 

0 
-0.25 
+O. 25 
"0.50 

0 
-9.25 

"0.50 

-0.25 

+0.25 

0 

+C,. 25  
+0.50 
+O. 25 
+0.25 

0 

0 
-0.25 +c). 25 
"0.50 

1 Broadband no i se  w i t h  spec t rum  shape   s imi la r  t o  t u r b o j e t  
f l y o v e r   a t  2000 f e e t .  

2 Durat ion is  t h e  amount of time t h e  s i g n a l  is w i t h l n  10 d B  
of maximum l e v e l .  

3 T/N i s   t o n e - t o - n o i s e   r a t i o   i n  a l / 3  o c t a v e  band using 
ma.ximurn l e v e l s   i n   e a c h  band .  

4 at i s  t h e  amount of t i m e   t h a t  t h e  maximum l e v e l  of  t h e  
tone   p recedes   t he  maximum l e v e l  of  t h e  no i se .  

12 
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FIGURE 2. GENERAL TIME  PATTERN OF STIMULUS  USED I N  ALL JUDGMENT TESTS 
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FIGURE 3. EXAMPLE OF NOISE SAMPLES AT LEVELS PRESENTED TO SUBJECTS IN JUDGMENT TESTS 
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Tone-to-Noise Ratio i n  1/3 Octave Band 

F ! G U R E  4 .  J U D G M E N T S  OF E Q U A L   A C C E P T A B I L I T Y  FOR T E S T  I - A  
U S I N G  P N L  AS A M E A S U R E .  - S I N G L E  TONES P L U S   B R O A D B A N D  

JET NOISE ( C O M P A R I S O N )   J U D G E D   E Q U A L  TO 1 2 - S E C O N D  
B R O A D B A N D   J E T  NOISE ( S T A N D A R D )  
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FIGURE 5 .  J U D G M E N T S  OF E Q U A L   A C C E P T A B I L I T Y  F O R  T E S T  I - A  
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TO 1 2 - S E C O N D   B R O A D B A N D   J E T  NOISE ( S T A N D A R D )  
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F I G U R E  6 .  J U D G M E N T S  OF E Q U A L   A C C E P T A B I L I T Y  FOR T E S T  I - A  
U S I N G   P N L   W I T H  TONE C O R R E C T I O N   A S  A M E A S U R E .  - SINGLE 

TONES P L U S   B R O A D B A N D   J E T  NOISE ( C O M P A R I S O N )   J U D G E D   E Q U A L  
TO 1 2 - S E C O N D   B R O A D B A N D   J E T  NCISE ( S T A N D A R D )  
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F I G U R E  9 .  C O M P A R I S O N  OF RESULTS OF V A R I O U S   M E A S U R E S  
FOR T E S T  I - A  
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APPENDIX A 

JUDGMENTS OF ACCEPTABILITY 

The purp0s.e of t h e s e   t e s t s  i s  t o   d e t e r m i n e   t h e   r e l a -  
t i v e   a c c e p t a b i l i t y  of  d i f f e ren t   sounds .  The tests a r e   p a r t  
of a program of research  designed t o  ob ta in   i n fo rma t ion  that  
will be of a id  i n  the planning of m i l i t a r y   a n d   c i v i l i a n  a i r -  
p o r t s  and f o r   n o i s e   c o n t r o l   p u r p o s e s   i n   g e n e r a l .  

On the   fo l lowing   record ing ,  you will hear a sound 
follawed  immediately by a second  sound. Your job  i s  t o  
punch a h o l e   i n  Column 1 o r  Column 2 cor responding   to   the  
sound  ( the first or the  second)  which you f e e l  would be 
mare ob jec t ionab le  or d i s t u r b i n g  i f  hea rd   r egu la r ly  i n  
y3ur home. In  other  words,   pick  the  sound you  would l e a s t  
like t o  have i n  your home, even  though you might not want 
e f t h e r  of them. Please make a judgment for each   pa i r  of 
sounds,  even  though  you f e e l  you may be  guessing. 

Please  record  your   answers   according  to  how the  sounds 
a f f ec t   you- - the re  are no r igh t  o r  wrong answers,  and i t  I s  
impor t an t   t ha t  we f i n d   o u t  how people   d i f fe r . ,  i f  they  do, 
i n   t h e i r  judgments  of  these  sounds. It does   no t   mat te r  
whether  your  answers  agree o r  d i sag ree  with o the r s   t ak ing  
t h e   t e s t  as long as you make t h e   b e s t  judgment  you  can f o r  
each pair  of sounds. 

I n  summary, s e l e c t   t h e  sound ( t h e  f i r s t  o r  the  second) 
which, i f  hea rd   i n   your  home, you f e e l  would  be more objec- 
t i onab le  or d i s t u r b i n g .  

P l ease   wr i t e  on the back  of  your  answer  card  your name, 
s e a t  number and   the   da te .  Remember t o   u s e  the same s e a t  
loca t ion   each   t ime you take the t e s t .  
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APPENDIX B 

STIMULUS GENERATING  EQUIPMENT 

Genera 1 

F o r  e a c h   o f   t h e   t h i - e e   t e s t s ,  t h e  en t i re   sequence   of  
a c o u s t i c   s t i m u l i  was prerecorded on 1/4-inch  magnetic  tape.  
These  "master  tapes"  were  recorded  on a two-channel  recorder.  
The s t imu l i ,   a long  w i t h  some ve rba l   anno ta t ion  t o   i d e n t i f y  
e a c h   p a i r  of s t i m u l i ,  was recorded  on  Channel. A of t h e   t a p e .  
Channel B c o n t a i n e d   s p e c i a l   c u e   s i g n a l s   t o  be used f o r  
c o n t r o l  of  the  playback  system. The func t ion   of   these   cue  
s i g n a l s  will be expla . ined  short ly .  

A block  diagram of  the  s t imulus  playback  system i s  
shown i n  F ig .  1. A requirement of t h e  t e s t  environment 
was t o  have  freedom  from any extraneous  noise  ot!?er  than 
t h e  t e s t   s t i m u l i .   M e e t i n g  t h i s  requi rement   necess i ta ted  
e l imina t ing   any   aud ib le   t ape  hiss  and ve rba l   anno ta t ion  on 
the   t ape   f rom t h e  tes t   envi ronment .   Tape   h ies  was ob jec t ion -  
a b l e  only  dur ing  t h e  "dead time" b e t w e e n   s t i m u l i   s i n c e   t h e  
s t i m u l u s   i t s e l f   e f f e c t i v e l y  masked any   t ape  h i s s .  Thus, it 
was d e s i r a b l e   t o  be a b l e   t o  switch the  power a m p l i f i e r   i n p u t  
from a "dead   qu ie t "   i npu t   t o  t h e  t ape   r eco rde r   on ly   wh i l e  a 
s t imulus  was being  played.  Th i s  was accomplished  by  taking 
the   s igna l   f rom  Channel  A of t h e  t a p e   r e c o r d e r  and f i m t  
pass ing  it th rough   an   e l ec t ron ic   swi t ch   be fo re   go ing  t o  t h e  
a m p l i f i e r  and  speaker. The e l e c t r o n i c  switch a c t e d   a s  a 
gate  which  opened  and  closed upon command from  the  cue 
s i g n a l s  on  Cha.nne1 B of t h e   t a p e .  A t  the   beginning   of   each  
s t imulus  t h e  g a t e  would  open  and  remain  open u n t i l  end of  
t he   s t imu lus   a t   wh ich   t ime  t h e  g a t e  would c l o s e .  Through  use 
of t h i s  system, t h e  t e s t   s u b j e c t  was allowed t o   h e a r   o n l y  t h e  
in t ended   s t imu l i .  A t  a l l   o t h e r   t i m e s  ( w i t h  'ihe g a t e   c l o s e d )  
t h e  sound p r e s s u r e   l e v e l  a t  t h e  s u b j e c t ' s   s e a t   p o s i t i o n  
(due t o  noise   generated  by t h e  playback  equipment) was w i t h i n  
10 d B  of  t h e  s tandard  IS0 t h r e s h o l d .  

T e s t s  I - A  and I-B 

A block  diagram of  t h e  equipment  used t o  produce  the 
mas ter   t apes  f o r  t e s t s  I--A and I-B i s  shown i n   F i g .  B-1.  
All stimuli   could  be  produced  by  combining  one or more of 
t h e  t h r e e   n o i s e   s o u r c e s  ShOTJn i n   t h e   l e f t  o f  t h e   f i g u r e .  
The l e v e l s  of each of these   sources   were   cont ro l led   indepen-  
d e n t l y  by  means of  0.1 dB s t e p   a t t e n u a t o r s .  
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The three  sources   lncluded a shaped  broadband  noise, 
a recording  of   turbofan  engine  noise ,   and a s i n e  wave 
o s c i l l a t D r .  The broadband  noise was shaped  such  that  i t s  
spectrum  approximated  that   of   an  a i rborne  four-engine 
t u r b o j e t   a i r c r a f t   a p p r o x i m a t e l y  2000 f t  from t h e  observer .  
T h i s  no i se  was p roduced   by   f i l t e r ing  t h e  outpu-i; of  a random 
noise   source   th rough a s p e c i a l  BBN d e s i g n e d   f i l t e r .  The 
record ing  of turbofan   engine   no ise  was  made d u i - i n g   s t a t i c  
runups  of a high t h r u s t   t u r b o f a n   e n g i n e .  The bare engine 
was mounted  on a s t a t i c   t h r u s t   s t a n d  and t h e  a c o u s t i c  
recordings  were made a t  a d i s t a n c e   o f  250 f t  from t h e  
e n g i n e   a t   a n   a n g l e  o f  approximately 80 degrees  Prgm t h e  
e n g i n e   i n l e t .  A po r t ion   o f  th i s  record ing  was made i n t o  
a cont inuous  tape  loop  for   playback  on a t a p e   c a r t r i d g e  
recording  machine.  The o s c i l l a t o r  was used t o   g e n e r a t e  
e i t h e r  a 2 kHz o r  4 kHz tone .  

The resu l tan t   s t imul i   p roduced   f rom  these   sources   were  
passed t 3  Channel A o f   an   e lec t ronic  switch. The swi tch  
was manual ly   t r iggered   in   o rder   to   swi tch   be tween  Channel  A 
o r  Channel B which was equipped w i t h  a microphone f o r  
annota t ion   purposes   be tween  s t imulus   pa i r s .  The e l e c t r o n i c  
swi tch  was employed t o  allow  switching  between  Channels A 
and B wi thou t   aud ib le   " c l i cke"  o r  o t h e r   e l e c t r i c a l   n o i s e  
being  generated and  recorded.  on t h e  mas ter   t ape .  

The s i g n a l   l e v e l  was t h e n   c o n t r o l l e d   b y  a " s p e c i a l  
amplitude  modulator".  The func t ion  of t h i s  modulator was 
t o  vary t h e  l e v e l   o f   t h e   i n p u t   s i g n a l  w i t h  time i n  o r d e r  to 
s imula t e  a j e t  a i r c r a f t   f l y o v e r   n o i s e   t i m e   h i s t o r y .  T h i s  
s p e c i a l   d e v i c e   p r o v i d e d   t h e   c a p a b i l i t y  of i n c r e a s i n g   t h e  
s i g n a l   l e v e l  a t o t a l   o f  20 d 3  a t  a r e s e t   r a t e   ( i . e .  some 
f ixed  number of   dec ibe le  yEim second7  and  then  decreasing  the 
s i g n a l  t o  i t s  o r i g i n a l   l e v e l  a t  t h e  same r a t e .  Used i n  
conjunct ion  w i t h  t h e  e l e c t r o n i c   s w i t c h ,   t h e   s i g n a l  was turned 
on, t h e   l e v e l   i n c r e a s e d  20 d B  a t  a cons t an t  r a t e ,  t,hen 
decrea.sed 20 d B  a t   t h e  same r a t e ,  and tu rned   o f f .  

The r e s u l t a n t   s t i m u l i  and annotation  were  recorded  onto 
one  channel  of t h e  two-channel   tape  recorder .  O n  t h e  second 
c h a n n e l   t h e   c u e   s i g n a l s  f o r  c o n t r o l   o f  t h e  playback  system 
were  recorded. These cue   s igna l s  were f ixed   f r equency   s ine  
waves  of  approximately 100 msec d u r a t i o n .  They  were 
genera ted   by   independent   f ixed   f requency   osc i l la tors ,  w i t h  
d i f f e r i n g   f r e q u e n c i e s   c o r r e s p o n d i n g   t o   p a r t i c u l a r   c o n t r o l  
func t ions .  The two func t ions  used i n  t h i s  experiment  were 
" t u r n - o n   e l e c t r o n i c  switch" and   " turn-of f   e lec t ronic   swi tch" .  
Upon playback,  these  signals  were  decoded t o  pe r fo rm  the i r  
r e s p e c t i v e   f u n c t i o n s .  
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Test I1 

Prepa ra t ion  of t h e   m a s t e r   t a p e  for Test I1 was a 
two-s tep   p rocess .   S tep  One involved t h e  recording  of   each 
of  t h e   d i f f e r e n t   t y p e s  of  s t i m u l i   o n t o   t a p e  loops .  The 
master t a p e  was t h e n  recDrded from t h e  pre- recorded   s t imul i  
on t h e  t ape   l oops .  A block  diagram of t h e  s t imulus-genera t ing  
equipment f o r  t h i s  t e s t  i s  shown i n   F i g .  B-2. 

Two t ape   l oops  f o r  each  st imulus  type  were  prepared. 
One loop  contained  only a shaped  broadband  noise. T h i s  
n o i s e  v7as produced  by f i l t e r i n g   t h e   o u t p u t   o f  a random 
noise   source  w i t h  a s p e c i a l  BBN-designed f i l t e r   s u c h   t h a t  
t he   r e su l t i ng   spec t rum  shape  was s i m i l a r  to t h a t  produced 
b y   a n   a i r b o r n e   t u r b o j e t   a i r c r a f t  2000 f t  away.  The  second 
loop   conta ined   on ly   the  d i sc re t e  t o n e  component  of t h e  
s t imu lus .  A s i n e  wave o s c i l l a t o r  was employed f o r  t h i s  
purpose.  The t o n e  and n o i s e  were recorded on s e p a r a t e  
t a p e s  t.o f a c i l i t a t e   t h e   p r o p e r   s y n c h r o n i z a t i o n  of  t h e  two 
s i g n a l s  on f i n a l   p l a y b a c k  o f  t h e   s i g n a l .   I n  o r d e r  t o  
s imula t e   t he   chang ing   l eve l s   expe r i enced   du r ing   a i r c ra f t  
f l yove r s ,  a s p e c i a l   f u n c t i o n   g e n e r a t o r  and vol tage   cDntro l led  
ampl i f ie r   combina t ion  was u t i l i z e d .  T h i s  dev ice   va r i ed   t he  
s i g n a l   l e v e l   a s  a func t ion   of  time by   con t ro l l i ng  t h e  
l o g a r i t h m i c   r a t e   o f   i n c r e a s e  and  decrease ( i . e .  t h e   r a t e ,  
i n   dec ibe l s   pe r   s econd ,  a t  which t h e  s i g n a l  l e v e l  was 
chang ing)   o f   t he   s igna l .  The t ape   l oops   were   i n se r t ed   i n to  
c m t i n u o u s   l o o p   t a p e   c a r t r i d g e s  s o  t h a t   t h e y   c o u l d  be 
played O i l  a mul t i -car t r idge   t ape   p layback   machine .  Cue 
s igna ls   were   p laced  on both  loops o f  t h e  p a i r  e o  t h a t  t hey  
c o u l d   b e   s y n c h r o n i z e d   f o r   t h e   s t a r t  of each   p l sy .  

The mas te r   t ape  was recorded  from  these  pi-eviously 
p roduced   t ape   ca r t r idges .  The t a p e   c a r t r i d g e   p l a y e r  was 
capable   o f   p lay ing  t h e  noise and  tone   ca r t r idgee   s imul t an -  
eously.  The r e l a t i v e   l e v e l s   o f   t h e   t o n e  and noise  were 
c o n t r o l l e d  by s e p a r a t e  0.1 dB s t e p   a t t e n u a t o r s  and t h e s e  
s igna ls   were   then  mixed be fo re   go ing   t o   one   channe l  of an  
e l ec t ron ic   swi t ch .  The f u n c t i o n   o f   t h e   e l e c t r o n i c   s w i t c h  
was t o  se l ec t   e i t he r   t he   s t imu lus   (Channe l  A )  o r  an 
annotation  microphone  (Channel B) w i thou t   i n t roduc ing  
" c l i c k s "  o r  o t h e r   e l e c t ; - i c a l   n o i s e   i n t o  t h e  system. The 
annotation  microphone was used t o   p l a c e   v e r b a l   a n n o t a t i o n  
on t h e  tape   be tween  s t imulus   pa i r s .  

The r e s u l t a n t   s t i m u l i  and annotat ion  were  recorded 
onto  one  channel of  t i l e   two-channel   t ape   recorder .  On t h e  
second  channel t h e  cue   s igne l s  f o r  con t ro l   o f   t he   p l ayback  
systern  were  recorded.   These  cue  s ignals   were  f ixed  f requency 
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s i n e  vavEs of approximately 100 msec dura t ion .  They 
were  generated by independent f ixed f r e q u e n c y   o s c i l l a t o r s ,  
w i th  d i f f e r ing   f r equenc ie s   co r re spond ing  t o  p a r t i c u l a r  
c o n t r o l   f u n c t i o n s .  The -two funct ions  used i n  th is  
experiment were " tu rn -on   e l ec t ron ic  switch" and " tu rn -o f f  
e lec t . ron ic  switch". Upon playback, these signals were 
decoded t o  p e r f o r m   t h e i r   r e s p e c t i v e   f u n c t i o n s .  
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TABLE C - I  

MAXIMUM LEVELS OF STIMLnI FOR TEST I-A 

Comp . m r a t i o n  

12 Sec No Tone 

2. Comp 
3. Come 
4. comp 
5. Comp 
6. comp 

Comp 

9. Comp 
10. Comp 
11. Comp 
12. Comp 

is: comp 

Je t  

Je t  
Je t  

Je t  
Je t  
Je t  
Je t  
J e t  
Je t  
Je t  
Je t  

4 
4 

12 
12 
12 
32 
32 

3E 
32 

- No Tone 
2000 Hz 10 dB 
2000 25 

2000 
2000 25 

10 

2000 10 
2000 
4000 

25 
25 

4000 25 

- No Tone 

- No Tune 

1 
W 
4 

1 

Sound Pressure  Level i n  d B  re  0.0002 dyn/sq. cm. 
One-Third Octave Band Center  Frequency, Hz. 

OA 50 63 80 100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 . 5 m  6300 

I 1. 80.0 46.0  52.5  56.5 64.0 71.5 68.5 70.0 71.5 71.0 69.0 69.5 67.5 68.0 66.0 65.0 63.5  60.5  56.0  53.0  50.0  47.0  44.5 41.0 I 
2. 
3. 
4. 
5. 
6. 

i: 
10. 
9. 

11. 
12. 

94.0 
86.5 
59.5 
89.0 
81.5 is:: z 
79.0 

78.0 
70.5 

70.0 

66.5 

61.5 
53.5 

50.5 

2::: 
3:: 
29":: 
41.5 

70.5 

48.5 
62.5 

65.5 

62.5 
6: : 
2:: : 
2::: 

78.0 
70.0 
56.0 
73.0 
65.0 

70.0 
51.0 

62.0 
48.0 

53.0 
61.0 

77.5 
85.5 

63.5 
80.5 
72.5 
58.5 
77.5 
69.5 

60.5 
3:: 

74.5 

77.5 
60.5 

69.5 

74.5 
55.5 

66.5 
52.5 

57.5 
65.5 

82.5 Ah.0 
76.0 

79.0 

76.0 
57.0 

68.0 
54.0 

59.0 
67.0 

. .~ 

62.0 

71.0 

85.5 
77.5 
63.5 

72.5 
80.5 

77.5 
58.5 

69.5 
55.5 
68.5 
60.5 

77.0 
85.0 

63.0 

72.0 
80.0 

77.0 
58.0 

8:; 
€0.0 

75.0 
83.0 

61.0 
78.0 
70.0 

75.0 
56.0 

53.0 

58.0 
66.0 

67.0 

75.5 
83.5 

61.5 
78.5 
70.5 
56.5 
75.5 

53.5 
w.5 
66.5 
58.5 

81.5 
73.5 
59.5 
76.5 
68.5 

73.5 
54.5 

65.5 
51.5 

56.5 
64.5 

82.0 
74.0 
60.0 
77.0 
69.0 

74.0 
55.0 

66.0 
52 .O 

57.0 
65.0 

80. 0 
72.0 
58.0 
75.0 
67.0 
53.0 
72 .O 

50.0 
64.0 

55 .O 
63.0 

79.0 
71.0 
57.0 
74.0 
66.0 

71.0 
52.0 

63.0 
49.0 

54.0 
62.0 

77.5 
69.5 

72.5 
55.5 

64.5 
50.5 
69.5 
61.5 
47.5 
60.5 
52 -5 

74.5 
76.5 
77.5 

71.5 
69.5 

72.5 
66.5 

69.5 
68.5 
57.5 
49.5 

70.0 

48.0 
62.0 

57.0 
65.0 

43.9 
62.0 

E:," 
2;:: 

67.0 

62.0 
2;:: 
2::: 

2,": : 
59.0 
51.0 
37.0 

64.0 

2::: 
59.0 
51.0 
37.0 
56.0 
P8.0 

72.0 
34.0 

64.0 

53.0 
39.0 

61.0 

286:: 
2;:: 
ji:: 

34.0 

36.0 

58.5 
50.5 
36.5 

2;:: 
2,":: 
31.5 

28.5 
41.5 
33.5 

2;:: 
2,":: 

33: 0 

33.0 

28.0 
47.0 
09.0 
2 0  

30.0 

1. See Figure 2 and Table I for description  of  parameters (At - 0 f o r   t h i s   z e s t ) .  

2. Broadband noise  with  spectrum similar t o   t u r b o j e t   f l y o v e r   a t  2000 feet. 



TABLE C - I 1  

HAXI” LEVHS OF STIMULI FOR TEST I - B  

Std. 
o r  

Noise  Noiseor Tone 

comp . Duration 
TVpe Tone Frequency 

T/N 

1. Std .   Je t2  12 Sec No Tone 

2. comp. mg1ne3 4 
Comp. -ne 12 

5. Comp. Jet 4 2000 HZ 10 dB 

Sound Pressure Lave1 In dB re O.OOO2 dyn/sq. cm. 
One-mird Octave BMd Center Frequency; Hz. 

I I 

1 See  Plgure 2 and Table I1 for   de8cript ion of parameters (At - 0 for t e s t ) .  

2 Bmadband noise  with  spectrum siallar t o   t u r b o j e t   f l y o v e r  a t  2000 feet. 

3. Hi.@ thrust   turbofan  engine.  



TABLE C-?I1 
MAXIMUM LWIELS OF STIMULI FOR  TEST I1 

Stimulus' 

Measured 
Std.   Noise   Jet  2000 HZ Duration A t  
o r  Type 
Comp . 

F!oise Tone o f  Comp. 
Duration  Duration Stimulus2 T/N A t  Duration 

Noise I 
1. S t d .   J e t 3  1 2  Sec No Tone 12.5 .See 

2.  Comp. 

4 .  Comp. 
3. Comp. 

5. Comp. 
6. Cornu. 

i;: E:;;: 
~~ 

9. Comp. 
10. Comp. 
11. Comp. 
12.  Comp. 

z :  E::;: 
15. Comp. 

J e t  
J e t  
J e t  
J e t  
Je t  
J e t  
J e t  

J e t  
Je t  

J e t  
Je t  
J e t  
Je t  
J e t  

4 
4 

4 
4 
4 
4 
4 
4 

12 
1 2  
12 
12 
32 
32 

I 16. Std. Jet  + Tone 1 2  

;i;: E:;;: J e t  
J e t  

1 2  

19. Comp. J e t  
12 

20. Comp. J e t  
1 2  
1 2  

4 Sec 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 

4 

1 2  
4 

1 2  

4 
4 
4 
4 

4.5 
4.5 

5.0 
6.0 

5.0 
5.0 

5.5 
6.0 

12 .0  
13.0 
13.5 
14.5 
34.0 
36.0 

5 dB 

5 
5 

5 
15 
15 
15 
15 
5 
5 
5 
5 
5 
5 

-1 
+1 
t 2  
0 

-1 
+1 
+2 
0 

-3 
+3 
"5 
43 
43 

0 Sec 0 
-0.25 
4 . 2 5  
4. 50 

0 
-0.25 
4 . 2 5  
4 . 5 0  

0 
-0.25 
4 . 2 5  
4 . 5 0  
4 . 2 5  
4 . 2 5  

1 2  .o 5 0 

Sound Pressure  Level i n  dB re 0.0002 dyn/sq.cm. 
One-Third Octave Bend Center  Frequency, Hz. 

oA 5o 63 125 160 200 250 315 400 500  630 800 1000 1250 1600 2000 2500 3150 4000 5000 6300 8000 

1. 80.0  48.5  51.0  57.5  65.5  71.5  69.5 71.0 71.5  71.0  69.0  69.0  67.5  67.5  65.0  63.5  62.0  58.0  53.0  48.5  44.5 40.0 37.5  33.0 

2. 

4. 
3. 

5. 
6. 

i;: 
LO. 
9. 

11. 
12. 
13. 
14. 
15. 

16. 

go. 0 
90.5 
89.0 
90.0 
84.5 
84.0 
82.0 

85.0 
82.0 

85.0 
85.0 
85.0 
80.0 
80.5 

80.0 

54.5 

57.0 
56.s 

56.0 
51.5 
52.0 
49.0 
47.5 
43.0 

3 :  ; 
z;: : 
48.0 

47.0 

59.5 
61.0 
60.5 
60.0 
56.0 
55.0 
53.5 
53.5 

51.5 
57.5 

53.0 
58.0 

53.0 
51.0 

53 .O 

2:: 

3 :  ; 
67.5 
68.0 

62.0 

62.5 
62.5 
63.0 
63.5 
58.5 
58.5 

57 .O 

61.0 

73.5 
73.5 

75.0 
72.5 

66.5 
67.5 
67.0 
65.0 
70.0 
70.0 

70.0 
69.5 

65.0 
66.5 

65.0 

80.0 
80.0 

Eo" 
73.0 
73.5 
71.5 
73.5 
76.5 
76.0 
76.0 
76.0 
72.5 
73.0 

72.0 

78.0 
79.0 
78.5 
78.0 
71.0 
70.5 
70.0 
70.0 
75.0 

75 .O 
75.5 

74.5 
74.0 
70.5 

70.5 

79.5 
79.5 

79.5 
78.5 

72.0 

72 .O 
72.5 

71.0 
76.0 

76.0 
76.0 

75.5 
72.0 
72.0 

71.0 

79.0 
79.5 

i:: ; 
72.5 
72.5 
70.5 
71.0 
76.5 
76.5 

76.5 
75.5 

72.5 
72.0 

71.5 

l:: : 
2 :  : 80.0 

70.5 
71.0 
72.5 
76.0 
75.5 
74.5 
76.0 
72.0 
72.0 

71.0 

2 :  2 
;i:z 

x; 

71.5 
71.0 
70.5 
70.0 

74.5 
74.5 
70.0 
69.5 

69.5 

78.0 
79.5 

79.0 
77.0 

72.5 
71.0 

70.0 
69.5 

74 .0  

74.5 
74.0 

74.5 
71.0 
70.5 

69.0 

77.0 
75.5 
77.0 
77.5 
70.0 
69.0 
68.5 
68.0 
72.0 
72.5 
72.5 
72.5 
68.5 
68.0 

67.5 

77.0 
76.5 
75.5 
76.5 
70.5 
69.0 
69.0 
69.0 
72.5 

72.5 
73.0 

72.5 
68.5 
68.5 

67.5 

74.5 
75.0 
74.5 
74.0 
68.0 
66.5 
67.0 
67.0 
70.5 

70-5 
70.5 

70.5 

66.5 

65.0 

67.5 

73.0 
73.5 

73.0 
72.0 

66.0 
65.5 
63.5 
66.0 

28: : 
22:: 
68.5 

64.0 

67.0 

70.5 
71.5 
70.5 
71.5 
66.0 
a . 5  
64.0 
63.0 
67.0 
66.5 
67.0 
67.5 
63.0 
63.5 

62 .o 

76.0 
75.0 
76.0 
75.5 
77.5 
77.0 
78.0 
77.5 
70.5 

70.0 
70.0 

69.5 
65.5 
66.5 

61.5 

63.5 
64.0 

63.0 
63.0 

61.0 
60.5 

60.0 
60.5 

59.0 
57.0 
57.5 

54.5 
57.5 

54.5 

53.0 

58.5 
59.5 

59.0 
59.0 

53.0 

51.0 
52.0 

51.5 
54.0 
54.0 
54.5 
54.5 
51.0 
51.0 

50.0 

54.0 
54.5 
54.5 
56.0 

2: : 
47.0 
47.0 
50.5 
50.5 
50.5 x::: 
47.0 

45.0 

50.0 
50.0 

' 1 0  
50.0 

2510 

43.0 
42.5 
46.5 
46.0 
46.0 
46.0 
41.5 
42.5 

41.0 

43.5 
42 .O 
41.0 
39.5 

43.5 
39.0 

43.5 
43.0 

4 0  38:0 
38.5 

37.0 

2:: 
ii: 1 

21: 1 

44.0 

37.0 
35.5 

40.5 
40.0 
40.0 
34.0 
35.0 

33.0 

;i;: 85.0 43.0 58.0 62.5  70.0  76.5  75.0  76.0  76.5  76.0  73.5  74.0  72.0  72.5  70.5  69.0  67.0  70.5  59.0  54.0  50.5  46.5  43.5 
85.0  59.0  51.5  62.5  70.0  76.0  75.5  76.0  76.5  75.5  74.5  74.0  72.5  73.0  70.5  68.0  66.5  70.0  57.0  54.0  50.5  46.0  43.0  40.5 

tg.  85.0  58.5  57.5 63.0 69.5  76.0  75.0  76.0  75.5  74.5  74.5  74.5  72.5  72.5  70.5  68.5 67.0 70.0 57.5 54.5  50.5  46.0  43.5 40.0 
g. 85.0  53.0  58.0  63.5  70.0  '76.0  74.5  75.5  76.5  76.0  74.5  74.5  72.5  72.5  70.5  69.0  67.5  69.5  57.5  54.5  50.0  46.0  43.0 40.0 

L 

1. See Figure 2 and Table 111 for   descr ip t ion  o f  parameters. 
2 .  Measured with  N-weighting  network. 
3. Broadband noise   with  spectrum  s imilar  to   turbojet  

f l y o v e r   a t  2000 f e e t .  

1 
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TABLE D-I 

RESULTS OF TEST I-A 

~. - . . - . . 

Standard 1 
. - ............ 

Noise 

J e t 3  

J e t  

J e t  

J e t  

J e t  

J e t  

J e t  

J e t  

J e t  

J e t  

J e t  

. . . . . . . . .  

Stimulus 
. .  

Comparison 2 
- 
?Joise 

J e t  

J e t  

J e t  

J e t  

J e t  

J e t  

J e t  

J e t  

J e t  

J e t  

J e t  

- 

~ 

ioise  o r  Tone 
Duration 

4 sec 

4 

4 

1 2  

12 

12 

32 

32 

32 

4 

32 

. . . . . .  " .... 

. . . . .  "- -~ .. - 

Tone 
Frequency 

- 
2000-HZ 

2000 

- 
2000 

2000 

- 
2000 

2000 

4000 

4000 
. - " . . . - . . 

T/N 

No Tone 

10 dB 

25 
No Tone 

10 

25 

No Tone 

10 

25 

25 

25 
. - .. 

:omparison 50% 
,eve1  (Judged 
:qual i ty   Level  
.n dB r e  Max) 

-10.0 

-8.5 

-4.5 

-10.5 

-9.5 
-8.0 

-8.0 

-6.0 

-8.5 

-8.5 

-7.5 

1 Duration of standard i s  12 seconds. 

2 See  Figure 2 and  Ta'ble I for desc r ip t ion  of parameters 
( A t  = 0 f o r  t h i s   t e s t ) .  

3 Broadband noise  with  spectrum similar t o   t u r b o j e t   f l y o v e r  
a t  2000 f e e t ,  
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. . .... . . . . . . . . . ~- 

TABLE D - I 1  

RESULTS OF TEST I - B  

Stimulus 

b J e t  
I I J e t  
I I J e t  

Noise 

4 Engine 

Engine 

Engine 

J e t  

ComparisonL 

3ura t ion  

4 sec  

12 

32 

Tone 
Frequency 

- 
10 d B  

Comparison 50% 
Level  (Judged 
Equal i ty   Level  
i n  dB r e  Max) 

-12.5 

-18.0 

-15.5 

-7.0 

1 Duration of  s tandard  i s  12 seconds. 

2 See Figure 2 and  Table I1 f o r  d e s c r i p t i o n  0 2  parameters  
( A t  = 0 f o r  t h i s   t e s t )  

3 Broadband no i se   w i th   spec t rum  s imi l a r   t o   t u rbo je t   f l yove r  
a t  2000 f e e t .  

4 High t h rus t   t u rbo fan   eng ine .  
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TABLE D-I11 

RESULTS OF TEST I1 
. , .- - "_ . . .. .. ~~ ~ 

"i_-."i"-=i 

Standard 1. 
." . . 

Noise 

J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  
J e t  , 

J e t  + Tone- 
J e t  + Tone 
J e t  + Tone 
J e t  + Tone 

J e t  
J e t  

3- ~' ' 

. -. . " 

Stimulus 
. . .. - . .  ~ ". ~ . . . ~  . " - . . . .. 

Comparison 2 
__ 

J e t  
Noise 

Duration 

4 sec 
4 
4 
4 
4 
4 
4 
4 
12 
12 
12 
12 
12 
12 
12 
12 

32 

32 

- . ". - - 

2000 Hz 

4 sec 5 dB 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
12 

~~ 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 1 

at  
0 sec 
-1 
+1 
+2 
0 
-1 
+1 
+2 

0 

-3 
+3 
+6 
0 

-3 
+3 
+6 
+8 

+8 

a t  
Noise 

h r a t i o r  

0.0 
-0.25 

+O .25 
+O. 50 
0.0 
-0.25 
+O .25 
+o. 50 

0.0 
-0.25 
+O. 25 
+O. 50 
0.0 
-0.25 
t-0.25 
+O. 50 
-to .25 
+O. 25 

Comparison 509 
Level  (Judged 
Equality  Level 
i n  d B  re Max) 

-12.0 
-12.5 
-11.. 5 
-11.5 
-11.5 
-14.0 
-13 5 
-12.0 

-8.0 

-8.5 
-11.0 
-5.5 
-8.5 
-4.5 
-7.5 
-10.5 
-10.5 

-11.5 

L Duration  of  standard i s  12 seconds. 

2 See  Figure 2 and  Table I11 f o r  descr ip t ion  of parameters. 

3 Broadband no i se  w i t h  spec t rum  s imi l a r   t o   t u rbo je t   f l yove r   a t  
2000 f e e t .  

4 Standard 
J e t  Noise  Duration 12 sec 

Tone 2000 Hz Duration 12 sec 
T/N 
4t 0 
ot/Noise  Duration 0 

5 dB 
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APPENDIX E 

PURE TONE A h ?  DURATION CORRECTIONS 
FOR PERCEIVED  NOISE LEVEL 

Two methods   o f   tone   and   dura t ion   cor rec t ion   for   per -  
ce ived .   no i se   l eve l s   were   employed   i n   t he   ana lys i s   o f   t he  
jud.gmei1-t t e s t   r e s u l t s .  One of   the  methods was baaed on 
the   Kry te r -Pea r sons   s tud ie s   (Re f .  l,?) and t h e   o t h e r  was 
based  on the  proposed FAR c e r t i f i c a t i o n   p r o c e d u r e   ( 3 e f .  8 ) .  

The Kryter-Pearsons method f o r   d e t e r m i n i n s  t h e  tone  
c o r r e c t i o n   u s e s   t h e  maximum band l eve l s   de t e rmined   i n   each  
one-third  octave  band.  If one of' the   one- th i rd   oc tave   bands  
exceeds t h e  a d j a c e n t  two by more t h a n  3 d B  t h e n  it i s  assumed 
t o   c o n t a i n  a pu re   t one .  To determine t h e  amount of co r rec -  
t i o n   n e c e s s a r y  t h e  ad jacent   bands   a re   averaged   and   subt rac ted  
from the   " toned   band" .  Th i s  d i f f e r e n c e  is e n t e r e d   i n t o  
Table E-I t o   d e t e r m i n e   t h e   c o r r e c t i o n   t o   b e   a d d e d   t o  t h e  
toned band p r i o r   t o   c a l c u l a t i n g   p e r c e i v e d   n o i s e   l e v e l .   A f t e F  
a l l   a p p r o p r i a t e   b a n d s   a r e  so c o r r e c t e d ,  t he  pe rce ived   no i se  
l e v e l  i s  c a l c u l a t e d .  

The  d u r a t i o n   c o r r e c t i o n  is  determined  f rom  the 10 d B  
down durat ion  measured  using  an N-weighting  network. The 
c o r r e c t i o n  itself i s  determined acco rd ing   t o   t he   fo rmula  

d u r a t i o n   c o r r e c t i o n  = 10 log  d u r a t i o n  
15 

The e f f e c t i v e   p e r c e i v e d   n o i s e   l e v e l  (EPNL) measure 
i s  a l s o  a t one   and   du ra - t i3n   co r rec t ed   pe rce ived   no i se   l eve l .  
Th i s  measure  proposed by t h e  F A A  f o r  n o i s e   c e r t i f i c a t i o n   o f  
a i r c r a f t   u s e s  a somewha-i; d i f f e r e n t   a p p r o a c h   t o   d e t e r m i n e  
t h e   t o n e  and d u r a t i o n   c o r r e c t i o n s .  The one - th i rd   oc t ave  
band l e v e l s  f o r  t h i s  measure  are   determined f o r  each  one- 
h a l f   s e c o n d   i n t e r v a l   d u r i n g   t h e   f l y o v e r   n o i s e .  The pe r -  
ce ived   no i se   l eve l s   a r e   de t e rmined   fo r   each  of  these   one-  
h a l f   s e c o n d   i n t e r v a l s  2.nd ?. pure   t one   co r rec t ions  i s  
i n c l u d e d   f o r   e a c h   i n t e r v e l   u s i n g  t h e  fol lowfng  procedure:  
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SteD 1 
Compute for  each  one-third  octave band a value com- 
posed  of the arithmetic  average  of the l e v e l s  of the 
neares t  two bands  above the given band  and the nea res t  
two bands  below . 

Note: The va lue   for   the  two lowest  frequency 
bands,  and the two highest  bands is based 
on only  the  average of ava i lab le   ad jacent  
bands. 

Step 2 
Mark a l l  bands  that  exceed t h i s  computed value by 
3 dB or more. Recompute f o r  a l l  bands a second 
average  value as i n   S t e p  1, omi t t ing   the  marked 
bands i n   c a l c u l a t i o n s  o f  the  average. 
may now be based on several  non-contiguous (The bands. averaye 
A d i sc re t e   f r equency   i s  said t o  e x i s t  i f  the  SPL i n  
any  band  exceeds this recomputed  average  value by 
3 dB or more. 

Step 3 
The d i f f e rence   i n  dB between  the  second  computer 
average  value  and  actual SPL i n   each  marked band, i s  
designated as F, and i s  used t o  determine the d i s -  
crete  frequency  corrections,  Fc, from  the  following 
equations: 

F = 0.3F 3~ F e 0  f o r  l/3 octave  bands c from 500 t o  5000 Hz 

PC = 6.0 201 F For l/3 octave  bands 
F~ = 0 . 1 5 ~  31 F e o  
Fc = 3.0 203 F 

100, 125, 160, 200, 
250, 315, 400, 6300, 
8000, and 10,000 Hz 

Thus, a discrete   f requency  correct ion is  determined 
f o r  'each one-third  octave band that exceeds i t s  
average" by 3 dB o r  more. The cor rec t ion  i s  added 

t o  the  perceived  noise   level   calculated f o r  one-half 
second i n t e r v a l .  If a cor rec t ion  i s  found f o r  more 
than one frequency, only the largest ca l cu la t ion  i s  
used . 

It 
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Let us call the  maximum  measure  thus  calculated  the 
tone  corrected  perceived  noise  level.  The  duration  cor- 
rection is determined  from  the  amout of time  the  tone 
corrected  perceived  noise  level is within 10 dB of the 
maximum  level.  This  duration  is  then  employed  to  determine 
the duration  correction  according  to  the  same  formula  des- 
cribed  above for the  Kryter-Pearsons  duration  correction, 
that  is: 

duration correction = 10 log duration 15 
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